An isolate of the non-occluded baculovirus Hz-1, containing a high level of defective particles, was recovered after serial passage in Trichoplusia ni (TN-368) tissue culture cells. DNA from defective virions contained deletions of up to 91 kilobase pairs. Defective particles were shown to interfere with the infection or replication of standard virions. Standard virus appeared to be required for replication of defective interfering (DI) particles. Initiation of both standard and DI viral DNA replication occurred at 4 h post-inoculation. Virus-induced protein synthesis was studied by pulse-labelling with [3SS]methionine. During defective virus replication in the presence of low amounts of standard virus, there was a significant reduction in the synthesis of 14 proteins (mol. wt. 109, 93, 92, 90, 85, 69, 57, 50, 40, 27.5, 23, 17.5, 17 and 14, all x 10 -3) and an increase in the synthesis of five proteins (mol. wt. 104, 75, 41, 37 and 14.2, all × 10 -3) as compared to standard virus infections.
INTRODUCTION
The evolution of defective viral genomes and defective interfering (DI) virus particles during serial passage in vitro has been reported for many RNA and DNA viruses (Huang & Baltimore, 1970; Huang, 1973; Brockman et al., 1973; Henry et al., 1979; Rixon & Ben-Porat, 1979; Kaerner et al., 1979; Tanaka et al., 1980; Nayak, 1980; Frenkel, 1981 ; Norkin, 1982; Blumberg & Kolakofsky, 1983; Schr6der et al., 1984) . These defective particles are involved in the establishment and maintenance of persistent infections by many animal viruses. We have recently investigated a subgroup C baculovirus, the Hz-1 virus, which elicits both productive, lytic infections and persistent infections in lepidopteran cell cultures (Burand et al., 1983 b) . The Hz-1 standard virus particles elicit productive infections and, following serial passage in vitro, a high proportion of defective particles is produced. These defective particles are required for the establishment of persistent infections (Burand et al., 1983b) .
The Hz-1 virus was discovered in a persistently infected Heliothis zea cell culture, IMC-Hz-1 (Granados et al., 1978) . Its host range in vitro includes Trichoplusia ni (TN-368), Spodoptera frugiperda (IPLB SF-212), Heliothis zea (IPLB-1075), Mamestra brassicae and Porthetria dispar (IPLB-65Z) (Granados et al., 1978; Ralston et al., 1981; Langridge, 1981; Kelly et al., 1981) . Persistent infections have been obtained in the T. ni and S. frugiperda cell lines (Burand et al., 1983b; Ralston et al., 1981) . Detailed studies concerning the establishment and maintenance of persistent infections have not been reported. Therefore, the following studies were undertaken to investigate the early events which occur during the establishment of persistent infections of T. nicell cultures (TN-368) and to re-investigate the possibility that the defective particles interfere with the infection or replication of standard virus particles. In order to assess differences in the replicative events leading to productive and persistent infections, we also investigated the initiation of viral DNA replication and alterations in virus-induced protein synthesis following inoculations with standard and defective virus particles. DeJective baculovirus replication 169
RESULTS
Characterization of DI particles Several populations of defective virus isolates were plaque-isolated from BI0. All isolates were a mixture of both standard and defective genomes (J. P. Burand & H. A. Wood, unpublished results) . The B5 virus isolate, referred to herein as the defective virus, was chosen for these experiments because it most resembled B 10 and contained the highest level of defective genomes. The 11 submolar fragments (A, B, C, F, G, H, J, O, P, R and S) detected in EcoRI restriction enzyme profiles of 32p-labelled B5 DNA (Fig. 1) are not present in equal molar amounts. In comparison with B1 DNA, three additional bands were present in EcoR] digests of B5 DNA. Two of these bands co-migrated with the D and N fragments (denoted by the asterisks). The third additional fragment had a size of approximately 16.6 kilobase pairs (denoted by the arrow). These alterations represent a net deletion of about 92 kb.
In interference assays TN-368 cells infected with the standard virus (B1) or D1 virus (B5) at a m.o.i, of 1 gave titres of 1.5 x 107 and 1.3 x 106 p.f.u./cell, respectively. However, inoculations with B5 and then B1 yielded a titre of only 2.2 × 106 p.f.u./ml, while inoculation first with B1 then with B5 gave a titre of 4.0 × 106 p.f.u./ml. This is a 85~o and a 74~o reduction in titre, respectively, compared to B1 alone.
Virus-specific DNA replication in both B1-and B5-infected cells was followed by DNA :DNA hybridization (Fig. 2) . No hybridization to uninfected control cells was detected. These results indicate that in both cases viral DNA synthesis begins by 4 h and proceeds at approximately the same rate from 4 to 8 h post-infection.
Comparison of B1 and B5 z~irus-induced intracellular polypeptides
[35S]Methionine pulse-labelling was used to compare the virus-induced protein synthesis of B 1-and B5-infected cells. The results of these experiments are shown in Fig. 3 and summarized in Table 1 . The rate of synthesis of 11 virus-induced proteins was similar in both B1-and B5-infected cells. However, 21 proteins were different. In B5 there were three proteins (144K, 57K and 25K) which we had not previously identified in Hz-1-infected cells . At various times after infection, 14 proteins (109K, 93K, 92K, 90K, 85K, 69K, 57K, 50K, 40K, 27.5K, 23K, 17.5K, 17K and 14K) were synthesized at a lower rate in B5-infected cells than in Bl-infected cells. In addition, five proteins (107K, 75K, 41K, 37K and 14.2K) were synthesized in greater amounts in B5-infected cells than in cells infected with B1.
DISCUSSION
Inoculation of TN-368 cells first with a preparation of defective virus particles (B5) and then the standard virus (B 1) resulted in a significant decrease in the titre of infectious virus produced as compared to inoculations with only the standard virus. The defective particles therefore interfere with the infection or replication of the standard virus. This interference phenomenon was not observed in our earlier investigations (Burand et al., 1983b) , which utilized a focusforming assay system. We have repeated this work with the same results and are not sure why interference cannot be demonstrated with the focus-forming assay.
Despite repeated attempts to plaque-purify the B5 isolate, several submolar DNA fragments were always present. Differences in the relative intensities of these fragments indicate that the B5 isolate contains a heterogeneous population of DI particles and a small population of standard virus particles. This is consistent with the paradoxical nature of DI particles; they interfere with the replication of standard virus but require standard virus for replication.
A comparison of the EcoRI restriction enzyme profiles of B5 and standard virus DNA demonstrates several alterations in the DI virus genome (Fig. 1) . These alterations represent a net deletion of 91 kb in the virus genome. The 16.6 kb fragment (denoted by the arrow) has been cloned and hybridizes with the EcoRI B fragment (27.9 kb) of the standard virus (J. P. Burand & H. A. Wood, unpublished results) . We have yet to determine if host DNA sequences have been incorporated into the DI particle genome. during DI virus replication compared to * + and -indicate increase or decrease in relative rates of synthesis the rates of synthesis during standard virus replication. ~ Burand et al. (1983a) .
preparations contain several interesting differences. Previously, we had identified 37 virusinduced proteins following infection with standard virus, 28 of which were identified as structural proteins . Although all 37 virus-induced proteins are synthesized in DI-infected cells, there were alterations in the rate of synthesis of almost half of these proteins. These dissimilarities are not a result of alterations in the proteins themselves but rather due to regulatory differences that occur during standard and D I virus replication. For example, five of the nine major virus structural proteins (93K, 92K, 85K, 69K and 50K) are m a d e at a reduced rate during DI replication while the synthesis of one structural protein (37K) is increased. It is also interesting that the 109K protein, which is a highly glycosylated intracellular protein , is present in lower amounts in DI-infected cells, while the 107K protein, which is thought to be a deglycosylation product of 109K (Burand et al., 1983a) , is present in increased amounts. The exact function of these particular proteins is not known. However, it is likely that some of the changes reported here are involved in the persistent Hz-1 virus infection.
The pattern of intracellular protein synthesis (Fig. 3) was very similar to that previously reported by Burand et al. (1983a) . However, an additional 14-2K protein was detected in this study. This protein was apparently masked by the 14K protein in the previous investigations. The 144K, 57K and 25K proteins detected only in B5-infected ceils may be of host origin or they may be virus-coded proteins synthesized in sufficient quantities to be detected only during DI particle replication.
Since 
